INTRODUCTION
Previous investigations have demonstrated that the lethal effects of total-body roentgen irradiation on mammals (mice, rats, rabbits, and guinea pigs) can be modified by isologous, homologous, or heterologous bone marrow transplantation.1,10,ll These modifications appear to depend upon (1) the establishment and proliferation of the hematopoietic elements of the transplant and (2) either partial or complete repopulation of the host's depleted hematopoietic system by the cells proliferating from the graft.3'4'7 '8 The present report includes preliminary findings of experiments in which homologous and heterologous bone marrow injections were administered to pigeons previously subjected to 2,500 rads (approximately the LD1oo/30) total-body X-irradiation. The evidence indicates strongly that partial and eventually total repopulation of the erythrocytes results from the homoglous and heterologous transplants. Also, host-species-specific hemagglutinins (hemagglutinins specific for the erythrocytes of host species) appeared in the circulation of irradiated pigeons which received heterologous bone marrow.
MATERIALS AND METHODS
Dosage response studies have shown that the LD50/30 for the pigeon is approximately 2,050 rads and that the effective LD100/30 was 2,500 rads. These studies also indicated that the death pattern appears to be comparable to that observed in mice, rats, etc. This information will appear in detail elsewhere. Non-inbred sexually mature pigeons, 6-10 months of age, were individually exposed to 2,500 rads total-body roentgen irradiation. A single dose was administered by a General Electric Maxitron resonant transformer X-ray machine operated at 1,000-KV peak. The target served as a filter, and no additional filtration was provided. The half-value layer was 3.4 mm. of lead. The birds were treated individually and rotated at 5 revolutions per minute in a lucite cylinder measuring 7.5 by 20 cm., with the longitudinal axis of the animal as the axis of rotation. The radiation field covered the entire cylinder with the bird in the middle. The distance between the target of the X-ray tube and the axis of rotation was 70 cm. The dose rate was 92 r/min, as determined with a Victoreen roentgen meter using an ionization chamber placed within the cylinder with tissue-equivalent scattering material around it to secure electron equilibrium. The chamber had been calibrated by the National Bureau of Standards. The conversion factor from roentgens to rads was 0.96.
A total of 80 pigeons was used: 60 received 2,500 rads, and 20 served as unirradiated controls. The animals were separated into 4 experimental groups.
Group 1 consisted of 20 irradiated birds, 10 of which were treated in July, 1958 (Series A), while the remaining were treated in September (Series B). These birds were each given a single intravenous injection of a saline suspension of fresh homologous bone marrow within 3 hours after irradiation. The volume was adjusted so that each bird received 2 ml. of a suspension containing approximately 250 X 106 nucleated cells.
The homologous bone marrow was obtained from the femora and tibiotarsi of 10 backcross hybrids which were derived from mating to livia of hybrids and selected backeross hybrids from crosses between C. guinea and livia. These birds have been sufficiently backcrossed to be considered genetically homologous with livia, except for the genetic material producing one or both of two erythrocytic antigens, B and C, derived from guinea.' 9 Such markers on the donor's erythrocytes allowed detection in the host's circulation of blood cells derived from the bone marrow transplant because neither of these factors, B or C, is present in livia. In addition, a separation of the erythrocytes of the host from those of the donors was possible because the erythrocytes of each host gave positive agglutination with saline extracts of lima beans Sieva (Phaseolus limensis), while those of each donor were not agglutinated by this reagent. 12 In the test with host-specific agglutinin (Sieva extract), a definite reduction in activity occurred, paralleled by an increased activity with donor-specific antisera beginning with the sample obtained on day 8 (see birds Nos. 3090.40, 3095.13, and 3095.29 in Table 1 ). The erythrocytes of all 4 birds which survived 28 days or more were no longer agglutinated by host-specific agglutinin but were, however, completely reactive with donor-specific antisera, indicating total replacement of erythropoiesis by the transplant marrow (see birds Nos. 3090.40 and 3095.29, Table 1 ).
GROUP 2. The 20 animals which received 2,500 rads total-body irradiation followed by heterologous bone marrow transplantation can be separated into 2 classes. The serological data for 3 of the birds in this group which show each of the different types of results obtained are shown in Table 2 .
Birds Which Died Prior to Sampling on Day 6.-Of the 12 birds which died between days 4 and 6, 4 were from Series A and 8 from Series B. Hematocrit readings on day 4 revealed that 11 of these birds had subnormal erythrocyte and white cell volumes. The other bird died prior to sampling on day 4. These 12 pigeons manifested weight loss, and in most cases symptoms of nausea and diarrhea were noted prior to death.
The blood sample obtained on day 6 from bird No. 3090.27 (Series A) appeared to be agglutinated as it dropped from the wing vein and ran down the side of the collection tube (see Table 2 ). Second and third samples, taken from this pigeon, 1 and 2 hours later, confirmed that the erythrocytes were definitely agglutinated. This evidence indicates that such agglutination occurred in vivo; hence the term in vivo agglutination" would apply. The day4 samples from birds in Series A were not examined for "in vivo agglutination," since such a reaction had not been anticipated. All 7 birds of Series B, which died prior to the day-6 bleeding, yielded blood samples on day 4 showing "in vivo agglutination." Serum samples from these birds on day 0 and 4 (with one exception) contained no demonstrable circulating agglutinin in excess of that in the agglutinated cell mass. Bird No. 3095.38 (see Table 2 ), whose day-4 sample was strongly agglutinated "in vivo," yielded serum on that day which showed definite agglutination with blood samples from 9 pigeons, although it was negative with 7 dove samples. Erythrocyte suspensions of the day-0 samples of the host, pigeon number 3095.38, and the bone marrow donor, dove No. D.T. 20, were included. Birds Which Died between Days 6 and 14.-Seven birds died during this period (4 on day 6, 1 on day 7, and 2 on day 8). All but 1 bird (which died before the phenomenon had been discovered) in Series A showed strong "in vivo agglutination" at the time of day-6 bleeding.
The sera of 2 birds in Series A contained an agglutinin which was specific for pigeon erythrocytes (host species) in contrast to dove red blood cells (donor species).
"In vivo agglutination" was obvious on day 4 and appeared to be more pronounced on days 6 (Table 2) , whose day-O sample was entirely normal, survived until day 13 and showed "in vivo agglutination" beginning with the day-4 sample. The sample on day 6 appeared to be more completely agglutinated, while the degree of "in vivo agglutination" seemed to be reduced in the day-8 sample and not detectable (even microscopically) on days 10 and 12. The day-4 sample was specifically reactive with pigeon red cells, even those obtained from this host on day 0. This host-species-specific hemagglutinin activity was stronger on day 6 and remained apparently constant for the 8-, 10-, and 12-day serum samples, in spite of the absence of any indications of "in vivo agglutination" on days 10 and 12. A test of the blood samples from this bird on days 10 and 12 revealed that the erythrocytes were completely reactive with dove-specific antisera. Tests with pigeonspecific antisera were negative, even under microscopic examination, indicating total replacement of erythropoiesis by the transplanted dove bone marrow.
GROUP 3. All 20 birds in this group died between days 5 and 17, with an average survival time of approximately 8 days. These birds manifested increasing anemia, weight loss, nausea, and diarrhea. None of the blood samples from birds in Series B showed "in vivo agglutination" or agglutinin activity with erythrocytes of livia or risoria.
GROUP 4. The 20 birds in this group showed no anemia, emaciation, nausea, or diarrhea and are still apparently normal in all respects at the time of this report. As in Group 3, neither "in vivo agglutination" nor agglutinin activity was demonstrable.
DISCUSSION
The results of this preliminary work indicate that bone marrow transplantation alone may not be a satisfactory protective treatment for acute lethal irradiation damage in the species C. livia. In fact, those birds treated with heterologous marrow died slightly earlier, on the average, than those lethally irradiated birds receiving only saline. Though 6 of 20 of the irradiated pigeons which were injected with homologous marrow survived considerably longer than did irradiated controls, none has approached the survival time obtained with mice.2 , 5 13 Lack of prolonged survival in livia was possibly due to transplantation of inade- biotics in addition to the bone marrow transplant increases survival time for lethally irradiated rabbits. Modification of the dove bone marrow transplantation technique sufficiently to obtain therapeutic effects is complicated by the hemagglutinin produced in pigeons so treated. This host-species-specific agglutinin appears very rapidly and is sufficiently potent to result in a very high degree of "in vivo agglutination," and this, superimposed on the cessation of host erythropoiesis, may prove to be therapeutically insurmountable. Characterization of this hemagglutinin from the present data partially elucidates the mechanism involved. Since no agglutinin could be demonstrated in either the host's or the donor's circulation prior to irradiation and transplantation, it seems logical to assume that this agglutinin was either produced or released after treatment. Furthermore, the fact that such hemagglutinins were not detectable in either the saline-treated or the homologously treated birds tends to rule out the possibility of viral or bacterial hemagglutinins. For the same reason, it is highly unlikely that these agglutinins are radiation-induced. The most plausible interpretation is that these agglutinins were elaborated by the cells of the heterotransplants.
Whether this agglutinin is an antibody or a complex of antibodies elicited by antigenic components of the host remains unanswered. The present data show that the specificity of the "agglutinin" is comparable to the specificity anticipated if risoria were immunized with the cells of livia. As far as has been investigated, these hemagglutinins meet all requirements of an antibody produced by the foreign graft against an antigen or antigens of the host.
The fact that this reaction occurs very early following the transplantation and is of such magnitude is possibly only a reflection of the high metabolic rate in avian species. Here we may also be dealing with bone marrow which contains a relatively high proportion of immunologically active cells, since lymph nodes, comparable to those present in mammals, are presumably absent in avian species. SUMMARY 1. Sexually mature pigeons (C. livia) were subjected to 2,500 rads total-body irradiation and subsequently injected intravenously with: (1) homologous bone marrow (backcross hybrids possessing erythrocytic antigens, B and/or C, derived from C. guinea); (2) heterologous bone marrow (ring dove, S. risoria); or (3) sterile saline (irradiated controls.)
2. The 9 out of 20 birds of the homotransplant group which survived more than 10 days showed definite evidence of erythrocyte repopulation (initial appearance of donor-derived red cells was between days 8 and 12). Total replacement of erythropoiesis by the homotransplant was demonstrable on day 28 in 4 out of 20 of the birds so treated. These birds died subsequently without any indication of chimera reversal, but prolonged survival comparable to that observed in mice was not obtained.
3. Heterotransplantation resulted in the rapid appearance (4-6 days) of hostspecies-specific hemagglutinins sufficiently potent to produce a high degree of "in vivo agglutination." The most plausible interpretation is that such agglutinins were elaborated by the cells of the heterotransplant.
